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预高糖诱导的 HK-2 细胞凋亡的机制探究 
The effect of pentosan polysulfate on hyperglycemia 







































































































方法：（1）利用含不同浓度（5.5 mmol/L、15 mmol/L、25 mmol/L、30 mmol/L）
葡萄糖的培养基刺激肾小管上皮细胞（HK-2）48h，再用不用浓度（50 μg/mL、
100μg/mL、150μg/mL、200μg/mL）戊糖多硫酸钠预处理后的 HK-2 细胞给予 30 
mmol/L 糖浓度的刺激，应用 CCK-8 比色法检测 HK-2 细胞生长的改变情况。（2）
利用 30 mmol/L 葡萄糖浓度的培养基分别刺激 HK-2 细胞 0h、2h、6h、12h、24h、
48h，提取蛋白后通过 Western Blot 结果分析 p38MAPK 通道的磷酸化水平。（3）
根据刺激条件和是否加 PPS 的不同将 HK-2 细胞分为低糖组（NG 组）、低糖加
药组（NG+PPS 组）、高糖组（HG 组）、高糖加药组（HG+PPS 组），提取蛋白后
通过 Western Blot 结果分析 p38MAPK 通路的磷酸化水平。（4）根据刺激条件和
加药种类的不同将 HK-2 细胞分为低糖组（NG 组）、低糖加 PPS 组（NG+PPS
组）、低糖加 P38 抑制剂 SB203580 组（NG+SB203580 组）、高糖组（HG 组）、
高糖加 PPS 组（HG+PPS 组）、高糖加 SB203580 组（HG+SB203580 组），提取
蛋白后通过 Western Blot 结果分析细胞凋亡相关蛋白 Bax、Bcl-2、cleaved-caspse-3、
caspse-3 的表达水平，流式细胞技术检测细胞凋亡情况。（5）将高糖培养基培养
的 HK-2 细胞分为高糖加 PPS 组（HG+PPS 组）、高糖加 SB203580 组
（HG+SB203580 组）和高糖加 PPS 加 SB203580 组（HG+PPS+SB203580 组），
提取蛋白后通过 Western Blot 结果分析细胞凋亡相关蛋白 Bax、Bcl-2、
cleaved-caspse-3、caspse-3 的表达水平。（6）根据刺激条件和是否加 PPS 的不同
将 HK-2 细胞分为低糖组（NG 组）、低糖加药组（NG+PPS 组）、高糖组（HG 组）、
高糖加药组（HG+PPS 组），提取蛋白后通过 Western Blot 结果分析炎症因子




高糖培养基刺激 HK-2 细胞 6h 后，可见 p38MAPK 信号通路活化，且该通路的















磷酸化最明显。高糖刺激 HK-2 细胞 48h 后出现明显细胞凋亡， Western blot 检
测发现表达 Bax 显著增强而表达 Bcl-2 明显减弱，Bax/Bcl-2 比例升高，caspase-3
活化成 cleaved caspase-3 明显增加。（2）戊糖多硫酸钠处理高糖刺激后的 HK-2
细胞后发现，HK-2 细胞凋亡明显减少，p38MAPK 磷酸化水平明显降低，Western 
blot 检测发现表达 Bax 显著减弱而表达 Bcl-2 明显增加，Bax/Bcl-2 比例降低，
cleaved caspase-3 明显减少。（3）戊糖多硫酸钠和 p38MAPK 通道抑制剂 SB203580
均能有效抑制高糖刺激的 HK-2 细胞的凋亡，但二者联合使用无明显增强效果。
（4）戊糖多硫酸钠处理高糖刺激后的 HK-2 细胞后发现，炎症相关蛋白 NF-κBp65
活化水平明显降低，炎症因子 TNF-α、IL1-β及 IL-6 表达减少。 



















Objective: To research the molecular mechanism of the injury of renal tubular 
epithelial cell (HK-2) which was stmulated by hyperglycemia that pentosan 
polysulfate intervened by regulating p38MAPK signaling pathway. 
Methods: (1) The renal tubular epithelial cell (HK-2) was stimulated with 
medium containing different concentrations of glucose (5.5 mmol/L, 15 mmol/L, 25 
mmol/L, 30 mmol/L) for 48 hours, and then selected the group that the medium 
containing concentration of glucose was 30 mmol/L, and treated the group of cell with 
different concentration (50 μg/mL, 100μg/mL, 150μg/mL, 200μg/mL) of pentosan 
polysulfate. The cell proliferation was detected by CCK-8 colorimetry. (2) The renal 
tubular epithelial cell (HK-2) was stimulated with medium containing concentrations 
of 30 mmol/L glucose for different duration of 0h, 2h, 6h, 12h, 24h, 48h. The 
phosphorylation of p38MAPK signaling pathway was analyzed by Western Blot after 
extraction of the protein. (3) According to the difference of stimulation conditions and 
whether or not PPS was added, the HK-2 cell were divided into normal glucose group 
(NG group), normal glucose with PPS group (NG+PPS group), high glucose group 
(HG group), high glucose with PPS group (HG+PPS group). The phosphorylation of 
p38MAPK signaling pathway was analyzed by Western Blot after extraction of the 
protein. (4) According to the difference of stimulation conditions and drugs was added, 
the HK-2 cell were divided into normal glucose group (NG group), normal glucose 
with PPS group (NG+PPS group), normal glucose with SB203580 group 
(NG+SB203580 group), high glucose group (HG group), high glucose with PPS 
group (HG+PPS group), high glucose with SB203580 group (HG+SB203580 group). 
The apoptosis-related proteins Bax, Bcl-2, cleaved-caspase-3, caspse-3 was analyzed 
by Western Blot after extraction of the protein. The apoptosis of HK-2 was confirmed 
by flow cytometry. (5) According to the difference of drugs was added, the HK-2 cell 
which was stmulated by hyperglycemia were divided into high glucose with PPS 
group (HG + PPS group), high glucose with SB203580 group (HG+SB203580 group), 
high glucose with PPS and SB203580 group (HG + PPS + SB203580 group), The 
apoptosis-related proteins Bax, Bcl-2, cleaved-caspase-3, caspse-3 was analyzed by 
Western Blot after extraction of the protein. (6)According to the difference of 
stimulation conditions and whether or not PPS was added, the HK-2 cell were divided 
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group), high glucose group (HG group), high glucose with PPS group (HG+PPS 
group). The activation of NF-κBp65was analyzed by Western Blot after extraction of 
the protein andthe productions of pro-inflammatory cytokines (TNF-α, IL-6 andIL-1β) 
were.examined by ELISA. 
Results: (1) High glucose medium could inhibit the proliferation of HK-2 cells, 
and the higher the concentration of glucose in the culture medium, the greater the 
degree of inhibition of cell proliferation. Under the stimulation of medium containing 
concentrations of 30 mmol/L glucose, the activation of p38MAPK signal pathway was 
phosphorylated after 6 hours; and the degree of activation of the signal pathway 
increased as time pass by; the phosphorylation of p38MAPK signal pathway would be 
most obviously after 48 hours. Under the stimulation of medium containing 
concentrations of 30 mmol/L glucose, HK-2 cells occurred apoptosis after 48 hours; 
Western Blot showed that Bax was significantly increased, Bcl-2 was decreased, 
Bax/Bcl-2 was increased, and caspase-3 was activated to cleaved caspase-3.(2) HK-2 
cells under the stimulation of medium containing concentrations of 30 mmol/L 
glucose showed that after treated with pentosan polysulfate, the apoptosis of HK-2 
cells was significantly decreased; the phosphorylation of p38MAPK signal pathway 
was decreased; Western Blot showed that Bax was significantly decreased, Bcl-2 was 
increased, Bax/Bcl-2 was decreased, and cleaved caspase-3 was significantly 
decreased.(3) Either pentosan polysulfate or the p38MAPK signal pathway inhibitor 
SB203580 could effectively inhibit the the apoptosis of hyperglycemia stimulated 
HK-2 cells, but the effect of the combination of the two drugs did not significantly 
enhance the effect. (4)HK-2 cells under the stimulation of medium containing 
concentrations of 30 mmol/L glucose showed that after treated with pentosan 
polysulfate, the inflammatory response of HK-2 cells was significantly inhibited. 
Conclusions:Pentosan polysulfate treatment attenuates HG-stimulated apoptosis 
and inflammation in HK-2 cells by inhibition p38 MAPK activation 
















英文缩写英文全名                          中文名称 
DM   diabetes mellitus       糖尿病 
DN   Diabetic Nephropathy      糖尿病肾病 
ACE   angiotensin converting enzyme    血管紧张素转换酶 
AR   aldose reductase       醛糖还原酶 
GluT1   glucose transporter1       葡萄糖转运子 
GFR   glomerular filtration rate      肾小球滤过率 
ANP   atrial natriuretic peptide     心钠素 
NO   nitrogen monoxidum      一氧化氮 
PGE2   prostaglandin E2       前列腺素 E2 
PGI2   Prostacyclin        前列环素 I2 
AGEs   advanced glycosylation end products   糖基化终末代谢产物 
RAS   renin-angiotensin system     肾素-血管紧张素系统 
HbA1C  haemoglobin A1C       糖化血红蛋白 
LPS   lipopolysaccharide       脂多糖 
MAPK   mitogen-activated protein kinase    丝裂原活化蛋白激酶家族 
MAPKK MAPK kinase       MAPK 激酶 
OS   oxidative stress       氧化应激 
AP-1   activator protein-1      转录激活蛋白-1 
ECM   extracellular matrixc      细胞外基质 
TGF-β1  transforming growth factor-β1    转化生长因子 β1 
CREB   cAMP-response element binding protein  cAMP-反应结合蛋白 
COX-2  cyclooxygenase-2       环氧合酶-2 
AngⅡ  angiotensinⅡ       血管紧张素Ⅱ 
ARB   angiotensin receptors blocker    AngⅡ受体阻断剂 
PBS   phosphate buffer solution     磷酸盐缓冲液 
DMSO   dimethyl sulphoxide      二甲基亚砜 
PPS   pentosan polysulfate      戊糖多硫酸钠 
P38MAPK  p38mitogen-activated protein kinase   p38 丝裂素活化蛋白激酶 

















摘要 ............................................................................................................. I 
Abstract ...................................................................................................... 1 
英文缩略词 ................................................................................................ 1 
第一章前言 ................................................................................................ 1 
第一节糖尿病肾病的临床近况研究 .................................................................... 1 
第二节 P38MAPK 信号转导通路 ...................................................................... 8 
第三节 P38MAPK 信号转导通路与糖尿病肾病的联系 ................................ 12 
第四节对 p38MAPK 信号通路的药物干预 ...................................................... 15 
第五节本论文研究的内容与意义 ...................................................................... 16 
第二章实验材料与方法 .......................................................................... 18 
第一节实验材料 .................................................................................................. 18 
第二节实验方法 .................................................................................................. 21 
第三章实验结果 ...................................................................................... 28 
1、不同浓度的糖和戊糖多硫酸钠对细胞增殖的影响 .................................... 28 
2、高糖刺激对 HK-2 细胞 p38MAPK 通路磷酸化的影响 ............................. 29 
3、戊糖多硫酸钠对高糖刺激 HK-2 细胞 p38MAPK 通路磷酸化的影响 ..... 29 
4、戊糖多硫酸钠对高糖诱导 HK-2 细胞凋亡的影响 .................................... 30 
5、戊糖多硫酸钠对高糖诱导 HK-2 细胞炎症反应的影响 ............................ 31 
第四章实验讨论 ...................................................................................... 33 
参考文献 .................................................................................................. 36 














Table of Contents 
 
Table of Contents 
 
Abstract in Chinese ................................................................................... I 
Abstract in English ................................................................................... 1 
English acronym ........................................................................................ 1 
Chapter 1 Introduction ............................................................................. 1 
Part Ⅰ Clinical research status of diabetic nephropathy ..................................... 1 
Part Ⅱ P38MAPK signal transduction pathway ................................................. 8 
Part Ⅲ P38MAPK and diabetic nephropathy .................................................... 12 
Part Ⅳ Pharmacological intervention of p38MAPK signaling pathway ........... 15 
Part Ⅴ Purposes and contents of this thesis ...................................................... 16 
Chapter 2 Materials and methods ......................................................... 18 
Part Ⅰ Materials ................................................................................................ 18 
Part Ⅱ Experimental methods ........................................................................... 21 
Chapter 3 Results .................................................................................... 28 
Part Ⅰ Effects of different concentrations of sodium glucose and pentose 
polysulfate on cell proliferation ........................................................................... 28 
Part Ⅱ  Effects of high glucose on phosphorylation of p38MAPK signal 
pathway in HK-2 cells ......................................................................................... 29 
Part Ⅲ Effects of pentosan polysulfate on phosphorylation of p38MAPK signal 
pathway in HK - 2 cells stimulated by high glucose ........................................... 29 
Part Ⅳ Effects of pentosan polysulfate on apoptosis of HK-2 Cells stimulated 
by high glucose .................................................................................................... 30 
Part Ⅴ Effects of pentosan polysulfate on inflammatory response in HK - 2 
cells stimulated by high glucose .......................................................................... 31 
Chapter 4 Discussion .............................................................................. 33 
References ................................................................................................ 36 






























































1 或 2 型 DM，某些家庭中的人发生 DN 的概率远大于其他家族，以上种种调查
结果均提示遗传因素在糖尿病发病中的重要地位。在以往的研究中，认为可能与
糖尿病肾病发生相关的遗传基因中比较被重视的有血管紧张素转换酶




肾脏血流动力学异常在早期糖尿病就可以观察到[15]。在 1 型 DN 中约 50%的患
者出现肾小球滤过率(glomerular filtration rate,GFR)上升 25%～50%。在 2 型 DN
中，根据一组诊断的 110 例病例中，16%病例 GFR＞140ml/min。在这种 GFR 增
加时，其基础值与正常人比较就是明显增高的，在蛋白摄入量增加后 GFR 上升
的程度更加明显，肾血浆流量也会明显增加。GFR 的上升以及肾血浆流量的增




















































的患者，肾脏的 RAS 处于亢奋状态，过度兴奋的 RAS 不仅参与了糖尿病肾病时
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